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Thermopiles used for absolute radiometry in the far ULTTaVivLne

1
spectral region are geﬁerally calibrated with visible and near-infrared

radiation. Three possibilities for the failure of the sensitivity of

{
!thermopiles to be independent of wavelength have been investigated.

¥

‘It was found that gold-black typical of that used on thermopiles for

'far ultraviolet applications reflectively scattered 2 = ‘42 of the

incident far ultraviolet radiation. Since the same gold black scat-

tered a similar fraction incident visible and near-infrared radiation,
the correction for this effect was small. An analysis of surface sensi-
tivity maps indicated that a thermopile of 0.04 sec time constant showed,

no wavelength variation of sensitivity when either d.c. detection or

a.c. synchronous detection with 13 c¢/s chopping was used. The most

significant wavelength~dependent phenomenon of importance was found to

- be the photoelectric effect. Ejected electrons carry a significant

amount of energy away from gold-blacked thermopiles in the spectral

-]
region below 1600A. The maximum correction determined for a particular

o
thermopile was 5.2% at 735A.

*
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Introduction

Thermopiles have often been used in the vacuum ultraviolet
spectral region as absolute detectors. Much of the data which exists
on photoionization yields in gasesl-3 and photoelectric yields for

solid34-7’

in the vacuum ultraviolet depends on thermal detection
for the absolute measurement of radiant flux. Furthermore, the
wavelength dependence of the efficiency of far ultraviolet radiation
detectors is often determined by comparison to the fluorescent yield
of a sodium salicylate phosphor, the relative response of which was
determined by comparison with that of a thermopile.s-lo

A thermopile destined for use as a standard in the vacuum
ultraviolet is first calibrated in the visible region with sources
of known blackness and temperature. It is then assumed that the
thermopile will develop a given voltage for a specific wattage of
incident radiant energy, independent of the wavelength of the
radiation. This paper reports on the investigation of three
possibilities for the failure of this assumption. First, the
fraction of incident radiation reflectively scattered by the
thermopile '"black' has been measured in the visible and the far
ultraviolet. Second, the energy carried away from the thermopile
by photos~ejected electrons has been determined. Finally, the
thermopile surface sensitivity has been mapped at several wavelengths

using both a.c. and d.c. methods to reveal any wavelength dependence

of the thermopile time constant:.11 Such a dependence would, of course,
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influence the calib;atiop of the thermopile if a.c. methods
were employed. 4

The first possibility mentioned above, namely the failure of
the "blackness" to be independent of wavelength, has been partially
checked in a few instances. The specularly reflected component has
been found small by several in.vestigators,lz’13 but the determina-
tion of the total scattered radiation from such "blacks' has not
been previously undertaken in the vacuum ultraviolet. The energy
loss due to photo;ejected electrons had apparently been overlooked
previous to the initiation of the present study, although it is
well known that most surfaces exhibit a m;;ked increase in photo-
electric yield when the photon energy exceeds 9-10 eV?’l’7

The present studies were conducted using a particular type of
thermopile and black, however, the ones chosen are typical of
those which have been used in the far ultraviolet as absolute
detectors. Also, these results bear on the general problem of the
applicability of thermal detectors for absolute radiometry in the

far ultraviolet.

II. Reflective Scatter:ing from Gold Black

A. Experimental Arrangement

1. Source and Monochromator
A normal-incidence vacuum ultraviolet monochromator was
employed for these measurements which utilized a l-meter radius, 600

[

lines/mfyconcave grating blazed at 1500A. This mounting has fixed
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entrance and exit sl..s at an angular separation of 15 degrees. The
grating was over-coated with fresh aluminmm and 250; of MgFZ to
enhance its eificiency down to at least 10002. The light source, a
windowless d.c. capillary discharge tube, was used to obtain the reso-
nance lines of the rare gases, the Lyman series in hydrogeg,and the
molecular hydrogen spectrum.

2, Experimental Chamber

A 20" Jdiameter vacuum chamber was attached to the exit arm of
the monochrom;tor. This chawmber and pumping system could be isolated
from the monochromator. All of the measuresents were made with a
chamber pressure on the order of 5 x 19'5- Hé.

The detector was mosmted in the'ux;erinental chamber on a table
which could be rotated from outside the vécuum system. The sample to
be studied was mounted in a holder which could be moved vertically in
and out of the exit beam and rotated about a vertical axis intersecting
the beam. These relationships are indicated in Fig. 1. The sample
holder was mounted so that the sample surface was located at the center
of rotation of the detector table.

The signal from the detector, a magnetic multiplier with a
tungsten photocathode (insenmsitive above 1600;) was fed into a d.c.
amplifier and recorded.

B. Procedure
Let us assume a beam of intemsity Xo to be incident on a scatter-

ing surface, and a detector, of area A, scanning the scattered radiation



at a constant radial separation, r, from that surface. Let O be the
angle of observation relative to the incident beam, and IB(O) the
intensity of the scattered radiation observed by the detector at that
angle. Then, assuming 18(9) is properly averaged over any directional
anisotropies in the scattering distribution, the ratio of the total

scattered intensity to the incident intensity is given by:

2 I
21 2{
Alo o./ IB(Q) sin O dO

To obtain a detector having a uniform response, the surface sensi-
tivity of the photo-cathode was mapped using various dynode voltages.
The voltages yielding the most uniform response were used and the
detector was ultimately masked to a selected 9mm x 9mm area.

The grating was masked to limit the exit beam divergence to 1.5
degrees vertically and 1.5 degrees horizontally. The height of the
exit slit was reduced to give a beam 3mm high at the scattering sample.
These adjustments resulted in an exit beam cross section of 3mm x 3mm
on the sample.

The scattering sample was set normal to the beam and measurements
were made every 5° from 10° to 80° on each side of the optical axis.
The scattering sample was then set at an angle of 10° and the specular
peak was scanned. The sample was then rotated through 90° about an
axis perpendicular to its face and the above procedure repeated so as

to detect any anisotropies in the scattering distribution.
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The intensity of the incident beam was measured by moving the
scattering sample vertically out of the beam; however, the direct beam
signal was higher than the scatter signal by a factor of 102 - 105.

To reduce the demands on the linearity of the detector, an attenuating
screen was used in the measurement of the incident beam. The screen
transmission (2.1%) was measured using the same geometry and wavelength
as used in the scatter measurement.

C. Results

The samples of gold-black measured in these experiments were
prepared by a thermopile manufacturer and are typical of the blacks
used on thermopiles for the far ultraviolet. Two thicknesses of black
on gold leaf substrates were studied. The thioner of the two blacks,
and the black deposited on the thermopile discussed in Sections IIIL
and IV of this paper, were manufactured in the same evaporation. This
thermopile has a time constant of roughly 0.04 sec. The thicker gold-
black, if applied to the same thermopile, would yield a longer time
consfant - which the manufacturer suggests would be on the order of
0.09 sec.

As a preliminary check of the scatter-measuring appératus, a
sample of silica was studied which had been given.a "super-smooth"

optical polish¥

*This sample was kindly supplied to us by H.E. Bennett. The bowl-

feed polishing technique used has been described.14
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The signal recorded by the detector when scanned through the
direct beam is indicated on a semi-log plot in Fig. 2 for radiation
of wavelengih 584;. On the same graph the signal recorded when the
detector was scanned through the beam reflected from the silica plate
is indicated. An angle of incidence of 10° was used. The angular
distribution of the reflected beam in Fig. 2 has been normalized to
the directbeam distribution at the center. The "tails" of the direct
beam distribution are probably due to scattering off the exit slit
jaws. The detector signal remains low over the remainder of the
scanning range, indicating that light scattered from the measuring
chamber walls is negligible. It can be seen that the angular distribution
of the reflected beam closely follows the distribution of the direct beam.
This indicates that the super-smooth flat'does not scatter appreclably at
1584;, and that the measuring apparatus is not recording unwanted scat-

tered light signals.

L ’\,é‘! g
Figure 3 indicates the ratio IE'{O;*{O as a function of © obtained at

llOZSz when the scattering surface was the thinner of the two gold-black
samples (presumably identical to that used on the thermopile tested in
Sections III and IV). In Fig. 3, two scans are shown - the difference
between them being a 90 degreerotation of the scattering sample about
the incident beam axis. The difference between the two curves indicates
some anisotropy in the angular scattering by the gold-black. Also shown
in Fig. 3 is a curve representing the distribution of a '"perfect' scat-

P
tering surface - i.e. where ]%315)710 ~ cosine 8. It is apparent
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that the angular distribution of the scattering by the gold-black-on-
gold resembles the distribution of a perfect scattering surface, with

a specular reflection component added on. The specular component is
cdue to the gold substrate which is not completely obscured by the gold-
black deposit. The peak of this specular component is less than 0.0147%
of Io' The total scattered intemnsity, obtained from this distribution
by the integration indicated in Sec. IIB, is 3.1%. A similar distribu-
tion was obtained for this sample of gold-black at A5844 and at KlZlﬁZ.
The integrated scattered radiation at A584Z was 3.6% and at 112162 was
3.1%.

The specular component of the reflectively scattered radiation
was absent in the heavier gold-black-on-gold sample tested - as can be
seen in Fig. 4 where the distributions are plotted for the same three
wavelengths in the far ultraviolet. It can be seen that the scattering
loss increases slightly with decreasing wavelength which may reflect
the changing ratio of wavelength to particle size of the gold-black.

The integrated total scattering for this heavier black was 2.1% at
AS84A, 2.0% at Mozs.:. was 1.9% at 112162.

These same two samples of gold-black-on-gold were tested for total
scattering in the visible and near-infrared spectral regions using an
integrating sphere and an appropriate spectrophotometer. The thin sample
showed a total scatter of 1.6 - 3.1(%0.5)% and the thicker sample 1.5 - 2.9
(£0.5)% over the region 0.4y to 2.2u. Thus, while reflective scattering
is a non-negligible loss for thermopile blacks, it would seem that the

similarity of this loss in the visible and the far ultra-violet indicates
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that the uncertainty in the use of the thermopile at the short wave-
lengths after calibrating in the visible is less than a percent.

Thermopile Cooling due to Ejected Photoelectrons

Two independent methods have been used to determine the loss of
thermopile signal due to the cooling caused by the loss of photoejected
electrons. In each method, the basic idea is to eliminate the energy
loss mechanism due to the photoelectric effect by returning the electrons
to the thermopile with the same energy which they carried away. The
first method is to surround the thermopile with an electrostatic field
sufficiently strong to prevent a loss of photoelectrons. Care must be
taken to prevent driving stray electrons and/or negative ions into the
thermopile. The second is to emerse the thermopile in a d.c. magnetic
field so that ejected electrons will be turnmed back to the surface.

This method has the advantage that stray electrons or ions are repelled
from the thermopile.

A. Experimental arrangement

The monochromator and light source described in part II were
used for these measurements. However, for this part of the work the radia-
tion from the source was chopped between the source and the monochromator

C/8
entrance slit with a frequency of 13ﬁe§s: The chopping motion, the
: 15
mechanical design of which has been described, was fed into the vacuum
system through a bellows seal. A substantial gain in signal-to-scattered

light ratio can be achieved by the proper choice of chopper blade materials.

An additional advantage to the use of chopped source radiation applies when
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a thermal detector is used; namely, the d.c. voltage generated at the
detector due to thermal radiation within the monochromator itself is
not accepted by the a.c. amplifier.

1. Thermopile

The thermopile used for this experiment is a series connection
of four elements which are composed of bismuth-tellurium and bismuth-
antimony alloys? The thermal junctions are extended using gold flakes of
lmm x 2mm area. Together they form a sensitive area lmm x 8mm. The
thermopile is compensated, designed for a 13 ;;g chopping frequency and
constructed entirely of non-magnetic materials. The thin gold-black
coating on the gold flakes is similar, if not identical, to the thin
black tested for scattering in Section II. The time constant of the
thermopile is on the order of 0.04 sec. and when calibrated in the visible
the evacuated thermopile had a sensitivity of 4v/watt and an ENI power
of approximately 10_9 watts.

The thermopile was located approximately 15mm behind the exit
slit of the monochromator. This slit was adjusted to 0.6mm width and 7mm
height, assuring that all the flux which passed through the exit slit of
the monochromator would be intercepted by the sensitive area of the
thermopile. The physical housing of the thermopile is indicated in Fig. 5

It was designed so that a d.c. magnet could be placed outside the vacuum

%*
This thermopile was manufactured and mounted in a special housing by the

C. Reeder Co., Detroit, Michigan.
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between the poles with the magnetic field lines-parallel to the long
dimension of the sensitive surface.
2. Electronics

An impedance matching transformer was utilized between the
thermopile and a pre-amplifier. The thermopile could either be grounded
to its surroundings, or made electro-positive with a variety of poten-
tials available from battery sources. (as indicated in Fig. 6.)

A block diagram indicating the overall experimental system is
shown in Fig. 7. The signal from the pre-amplifier was fed to a 13 é;g
broadly-tuned amplifier. The output of this amplifier was rectified
synchronously with the chopping frequency by a mechanically coupled
rectifier. The signal was then filtered, further amplified and fed
into a voltage-to-frequency converter. The converter signal was fed
to a 105 count scaler. By proper adjustment of the voltage to the
converter, the signal could be integrated for any desired period.T In
addition to the counter readout, a recorder continuously displayed the
rectified and filtered output of the 13 ;é: amplifier. Thus the source
stability curing the integration time could be monitored.

Backgound due to local interference was reduced to a negligible

level by placing the electronics and the experimental apparatus inside

a double Faraday cage.

The use of the voltage-to-frequency converter and scaler system was
inspired by a visit to the laboratory of H.E. Bennett who has been using

this method for infrared signal detectionm.



-12-

B. Electrostatic Method

1. Procedure

The thermopile signal was first recorded without biasing the
element with respect to its surroundings. Then, a d.c. bias was applied
as indicated in Fig. 6, and the signal again recorded. A comparison of
these signals should indicate the loss caused by the photo-ejected
electrons carrying away a portion of the incident radiant energy,
assuming the bias voltage was sufficiently high and that no stray
electrons or ions were being driven erroneously into the thermopile.
Early results indicated some difficulty with the latter effect, probably
due primarily to photoelectromns from the exit slit jaws. A positively
biased collector electrode was installed on the monochromator side of the
exit slit (see "C" in Fig. 5) in an attempt to collect these stray elec-
trons before they were influenced by the retarding field of the thermopile.

The change in thermopile signal resulting from an increase in
the collector potential is indicated in Fig. 8, for three thermopile
bias potentials, at A584K. It can be seen that a collector potential of
+45 volts with respect to the grounded monochromator was sufficient to
eliminate the effects of the unwanted electrons and ions. Furthermore,
it is apparent that a thermopile bias voltage of +45 volts with respect
to the grounded surroundingsf;;’éufficient to retard essentially all
of the ejected electrons. For the purpose of obtaining the data below,
the thermopile retarding potential and the collector ring potential were

set at +67 volts.
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2. Results
The change in the thermopile signal caused by switching

on and off the electrostatic retarding field is shown in Fig. 9 for
a number of wavelengths. The data were obtained by allowing the
scaler to integrate the signal for 10 seconds without a retarding field,
then for 10 seconds with a retarding field. The procedure was continued
for 10 or 12 cycles allowing a good check on zero drifts and light source
fluxuations.

C. Mazegnetic Method

The maximum orbital radius of electrons photo-ejected from the
thermopile surface in the presence of a magnetic field is readily calcu-

lated from the following equation:

JR—
- {2mE
Be

T
where m, e are the mass and charge of the electron, E is the electron
energy and B the magnetic.field strength. For illustration let us
consider electrons leaving with 40 eV energy - remembering, however,
that most photo-ejected electrons are expected to have energies well
below that of the incident photons due to scattering effects in the solid.
In the case of 40 eV electrons a magnetic field strength of 1000 gauss
yields a maximum orbital radius of 0.2mm.

The maximum radius orbit is achieved when the velocity of the
ejected electron is normal to the magnetic field. If the thermopile

surface is parallel to the field, and one assumes an electron leaving

the surface with a velocity oriented 1° from the direction of the field
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of strength 1000 gauss with an energy of 40 eV then the electrcon will
cycloid back to the surface in approximately a 1.3mm vertical displace-
ment. One can conclude from these considerations that a negligible
number of photo-ejected electrons would be expected to escape from a
lmm x 8mm thermopile emersed in a 1000 gauss magnetic field for photon
energies up to 100 eV. Furthermore, electrons and ions from the momo-
chromator would have little chance of striking the thermopile.

In the. present experiment, a permanent magnet with a gap field of
1600 gauss was used. The housing and exit slit (as well as the thermo-
pile) were constructed of non-magnetic materials. The thermopile signal
was recorded with and without the magnet positioned as shown in Fig. 5.
The data taking procedure was the same as that described for the
electrostatic field method in Section III A. The change in the thermo-
pile signal expressed in percent is shown for various wavelengths in
Fig. 9, where the data compare favorably with the results of the
electrostatic field method. The solid curve shown in Fig. 9 is merely
a guide through the experimental points.

The enhancement of the thermopile signal in the presence of the

magnetic field was also checked in the visible spectral region as a
safeguard against extraneous effects. Application of the magnetic field
caused no change in signal when visible light was incident upon the.
thermopile.

Surface Sensitivity Maps and Time Constant Consideratioms

If the time constant of the thermopile is not short compared
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with the chopping period, a drop in overall a.ec. sensitivity will occur.
A change of the time constant with wavelength would, in this case, cause
variations in a.c. sensitivity such as have been previously noted.11

A.thermopile calibrated in the visible weuld therefore give erroneous

results if used in the far ultraviolet. & d.c. method would circumvent
this difficulty, but the a.c. technique has a great advantage in discrim-
inating against unwanted signals.

If the experimental arrangement used for the calibration in
the visible is ide¢agical to that of the far ultraviolet application, it
would seem that a wavelength dependenmce of t» time constant could orly
be effected oy a change in the absorptiem process - cuch as a var: a
in the penetration of the radiation»in the absorbing iiack. Witaout -
dwelling on the possible mechanism for sweh 4 time _:rstant variationm,
it is of practical importance to determine the extent to which it exists’
in a typical far ultraviolet thermopile. In this section we rercrt c.
measurements which yield a map of the sensitivity wvariation over the
surface of the thermopile, using both visible and far ultraviolet *
incide=nt radiation, and both a.c. and d.c. methods. Any difference
between the a.c. and the d.c. maps would indicare the extent to which
the time constant of the thermopile was not negiigibly short with
respect to =:o -~~opping period, and any variation of the a.c. maps with
wavelengti woulc Se a danger sign in the a&.c. use of the thermopilae
outside the wavel6-ugth range ~»f the calibration.

A. :ixperimenta.l -ocedure

The won.croromator anc ligat source were described in Section II,

W
¥
¥
.
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and the tﬁérmopile in Section III. For these measurements the thermopile
was mounted 8mm from the exit slit on a platform which could be trans-
lated pérpendicular to the exit beam. The exit beam was limited so that
its cross-section at the thermopile was 0.3mm x 8.0mm, with the long
dimension vertical. The thermopile was oriented in the beam with its
iong dimension horizontal - parallel to the translational direction of
the table on which it was mounted. The thermopile w#s then scanned
slowly through the beam and a one-dimensional map of the surface semnsi-
tivity was determined at different wavelengths.

The output of the thermopile was measured by two methods. In
the first, an unchopped light source was used and the thermopile signal
was amplified with a d.c. amplifier and displayed on a recorder. 1In the
second, the light source was chopped at 13 ;gz and the signal amplified
using a broad band 13 iéi amplifier. The output of the amplifier was
’rectified synchronously with the chopping frequency, filtered, and
displayed on a recorder
B. Results

The one-dimensional sensitivity maps of the thermopile which
were obtained at 5461;, 1606; and 5842 are shown in Fig. 10. Data
obtained by both the a.c. and d.c. methods are indicated. The a.c. and
d.c. data obtained at each wavelength are arbitrarily normalized since only
the variation in sensitivity along the thermopile is of interest. The

curves for three wavelengths have been given an arbitrary vertical

displacement in Fig. 10. It can be seen that the a.c. and d.c. sensitivity
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maps for each wavelength are essentially identical - the deviations being
within the combined reproducibility of these measurements. The curves
show, incidentally, that the thermopile deviates considerably from
uniform sensitivity along its length. The four segments of the thermo-
pile can be easily recognized, and it is apparent that they are not all
equally effective. Furthermore, it is obvious (and expected) that the
thermal emf generated at the two ends of each extended junction are not
equal in magnitude - thus the sensitivity of each segment is a ramp
function. Since the a.c. and d.c. sensitivity maps are essentially
identical at all wavelengths studied (several intermediate wavelengths
were examined) it would appear that the time cénstant for this thermopile
is, effectively, short compared to the chopping frequency.

In Figure 11 the a.c. sensitivity map for the three wavelengths
54612, 16062 and 5842 are plotted on a single coordinate system. Again
an arbitrary normalization has been used. It is apparent from the figure
that each of these incident wavelengths produces a nearly identical
sensitivity map. From this result we conclude that any variation in the
time constant of this thermopile with wavelength i1s of negligible practical
importance.

Sensitivity maps were also obtained with the thermopile rotated
through 90° so that its long dimension was parallel to the exit slit.
These relatively lower resolution scans produced rather rounded rectang-
ular distribution functions which showed no differences under a.c. and d.c.

operation and no wavelength dependence.
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Conclusions.

The foregoing sections have discussed three aspects of the perfor-
mance of a thermopile which are of importance for radiometric applications
in the far ultraviolet. It has been shown that the reflective scattering
from thin gold-black-on-gold foil, while not insignificant, is similar
in the visible and far ultraviolet. Therefore, if the thermopile is
calibrated in the visible and used in the far ultraviolet, this phenomena
should not require a correction - if radiometric accuracy in the 1% range
is sufficient. It was further determined that this thermopile has a
surface sensitivity and a time constant which is independent of wavelength
in the regions of interest. It would appear,Ain fact, that the only
significant correction which would be required for this thermopile is
due to the photoelectric effect, which causes a negligible loss in the
visible region, but as high as a 5% loss in the far ultraviolet.

These results apply only to the thermopile which was used in this
study and a generalization of them is not necessarily justified. However,
these results increase our confidence in the validity of this method of
radiometry for the far ultraviolet. We feel that if these corrections
are carefully established for an optimum thermopile, a radiometric detector
standard will have been developed for the far ultraviolet which will be
reliable in the few percent range, this—weuld—bevery desirableat-the.
'Eneggns—eéne. If this detector compared favorably with the rare gas
ionization chamber detectorsl6in their regions of effectiveness, and

with the source standards being developed at NBSl7 in the region above

o

20004, we feel it would be justifiable to use such a thermopile to

calibrate more sensitive detectors throughout the far ultraviolet.
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2)

3)

4)

Figure Captions

Diagram showing the experimental arrangement used for the
measurement of the reflective scattering from gold-black in

the far ultraviolet spectral region. The dashed portion of the
diagram indicates the position of the sample and detector when

the direct beam is measured.

Angular profile of the beam reflectively scattered from a highly
polished silica reflector, compared with the profile of the inci-
dent beam at kssaZ. The reflected beam profile is arbitrarily

normalized to the incident beam profile at the maximum (angle of

incidence = 10°)

Angular profile of the'beam reflectively scattered from a sample

of gold-black on a gold substrate. The ordinate is the ratio of

the scattered intensity at angle © to the incident beam intensity.

A cosine distribution (perfect scatterer) is shown for comparison.
Note the specular peak which is apparent for this thickness of black.
When used on a thermopile, this thickness resulted in an overall

time constant of 0.04 sec. (A = 1025A)

Angular profile of the beam reflectively scattered from a second
sample of gold-black (thicker than that used for Fig. 3) on a gold
substrate at three wavelength in the far ultraviolet. The ordi-
nate is the ratio of the scattered intensity at angle © to the

incident beam intemsity.



5) A sectional drawing of the exit slit and thermopile housing,
showing the relative locations of the exit slit (S) and thermo-
pile (T). The collector ring (C) is used in the electrostatic
method of returning photo-ejected electrons to the thermopile:

The magnet (M) is used in the magnetic method.

6) Circuit diagram showing the method used to bias the thermopile

electropositive with respect to its surroundings.

7) Block diagram of the overall experimental arrangement indicating,
in particular, the detection scheme which has proven effective in
obtaining accurate results with the low signal-to-noise usually

associated with thermopile detectiom.

8) Thermopile response vs. collector potential for several thermopile
bias voltage. The bias voltége (See Fig. 6) provides the electro-
static field to return photo-ejected electrons to the thermopile.
The collector ring potential (See Fig. 5) is required to prevent

stray electrons or ions from reaching the thermopile

9 The percent increase in thermopile signal achieved by returning
the photo-ejected electrons to the detector, as a function of
wavelength in the far ultraviolet. The results of the electrostatic
method and the magnetic method are compared. The solid line merely
connects the experimental points.
10) One-dimensional sensitivity maps showing the variation of the
thermopile response as a function of displacement along the long

dimension of the thermopile. The data obtained at three wavelengths



11)

USCCI2i=NBS=DC

are shown, and the results using d.c. detection are compared

with those using a.c. synchronous detection and 13 2;% chopping.
The data obtained at the three wavelengths (A - 5842; B - 1606;;
c - 54612) have been given arbitrary vertical displacements. The

results of the a.c. method are arbitrarily normalized to the

results of the d.c. method for each wavelength.

One-dimensional sensitivity maps showing the variation of the
thermopile response as a function of displacement along the long
dimension of the thermopile for three different wavelengths.

Only the results from the a.c. detection method (13 ;g:;chopping)

are shown. The scans for the different wavelengths were arbi-

trarily normalized at one point along the thermopile.
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